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(54) Projection colour image display apparatus 

(57) An almost parallel white beam enters a colour 
filter (10), and is thereby colour-separated into primary 
colours of red (R), green (G) and blue (B). The colour- 
separated parallel beam enters a polarising beam split- 
ter (1 3) after the beam diameter thereof is converted at 
a magnification of ig/U DV a relav optical system (11). 
The polarising beam splitter (13) allows p-polarized 
components to transmit therethrough and to enter a liq- 
uid crystal display device (1 2). Images of filter elements 
for R, G, and B in the colour filter (10) are reduced and 



formed on corresponding pixel electrodes in the liquid 
crystal display device (12), and then, reflected. The p- 
polarized components that are incident on the liquid 
crystal display device (12) are modulated according to 
image signal voltages applied to the pixel electrodes 
(the polarisation direction is changed). Then, s-polar- 
ized components generated by this modulation are re- 
flected by the polarising beam splitter (13), and project- 
ed in an increased size onto a screen (15) through a 
projection lens (14). 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a projection colour 
image display apparatus such as a liquid crystal projec- 
tor, and more particularly, to a projection colour image 
display apparatus of a single panel type that uses only 
one optical modulating device such as a liquid crystal 
display device. 

2. Description of the Related Art 

Liquid crystal display apparatuses include a direct- 
view display apparatus, and a projection display appa- 
ratus (what is called a liquid crystal projector) for pro- 
jecting and displaying an image on a screen. In general, 
the liquid crystal projector directs lights of primary col- 
ours for colour display, which are colour-separated from 
light radiated from a single white light source, to pixels 
(liquid crystal cells) of a liquid crystal display device re- 
spectively corresponding to the colours, modulates the 
lights according to reproduction image signals, and 
projects the lights onto a screen, thereby displaying a 
colour image. Such colour liquid crystal projectors are 
roughly divided into two types: a single-panel type using 
a single liquid crystal display device provided with a col- 
our separation means for separating light into three col- 
ours, red (= R), green (= G), and blue (=B), and a three- 
panel type using three monochrome liquid crystal pan- 
els respectively provided for red, green and blue optical 
paths. 

The single-panel colour liquid crystal projector gen- 
erally employs a colour filter as a colour separation 
means. Conventionally, the colour filter is integrally 
formed with a liquid crystal display device. 

Fig. 7 illustrates a conventional single-panel colour 
liquid crystal projector using such a colour-filter-com- 
bined liquid crystal display device (hereinafter referred 
to as a CF -combined liquid crystal display device). In 
the liquid crystal projector, white light emitted from a 
source lamp 101 enters an ultraviolet and infrared cut- 
ting filter 102, where ultraviolet and infrared rays are ab- 
sorbed, and then, enters a condenser lens 103. The light 
condensed by the condenser lens 1 03 is radiated onto 
a CF-combined liquid crystal display device 1 04 located 
in the rear of the condenser lens 103. When passing 
through a liquid crystal layer (not shown) of the CF-com- 
bined liquid crystal device 104, the white light is modu- 
lated according to image signals applied to pixel elec- 
trodes on the CF-combined liquid crystal display device 
104 provided for each of the primary colours (R, G and 
B). The white light is also colour-separated into a R light, 
a G light, and a B light by a colour filter 104a that is in- 
tegrally formed with the CF-combined liquid crystal dis- 
play device 104, transmitted through the CF-combined 



liquid crystal display device 104, and then, emitted 
These modulated colored lights are condensed and syn- 
thesised by a projection lens 105 located in the rear of 
the CF-combined liquid crystal display device 104, and 
5 projected onto a screen 106 in an increased size. 

In the projection colour image display apparatus 
having such a structure, the aforesaid colour filter 104a 
in the CF-combined liquid crystal display device 104 is 
generally made of organic pigment. Since the colour fil- 

io ter of this pigment type absorbs light with a specific 
wavelength from incident light and transmits light with 
other wavelengths, the absorbed light is turned into heat 
and generates heat, or near ultraviolet rays, which are 
not cut by the ultraviolet-infrared cutting filter, are ab- 

'5 sorbed. Such heat generation or absorption deteriorates 
the colour filter itself, and also affects other constituents. 
In particular, since the colour filter using organic pigment 
originally has low resistance to weather, it is prone to 
fade with use, and colour quality of a display image is 

20 thereby degenerated. Accordingly, it is an important 
problem to restrict this heat generation or absorption, 
particularly in the future trend toward higher brightness. 

Moreover, the colour filter using organic pigment 
shows a gentle spectral transmittance curve, and has a 

2S characteristic of transmitting therethrough lights with a 
wide range of wavelengths other than the specific wave- 
length. Therefore, the use of the colour filter of this type 
lowers colour purity of a formed image. 

30 SUMMARY OF THE INVENTION 

The present invention has been made with such 
problems in view, and has as an object the provision of 
a projection colour image display apparatus having a 

35 simple structure that achieves colour separation with 
high purity and is resistant to fading. 

According to the present invention, there is provid- 
ed a projection colour image display apparatus compris- 
ing an optical modulating device, having pixel elec- 

40 trades arranged in a required pattern corresponding to 
basic colours necessary for colour display, for modulat- 
ing incident lights of the basic colours pixel by pixel ac- 
cording to image signals applied to the pixel electrodes, 
a colour filter located apart from the optical modulating 

4S device and composed of filter elements for the basic col- 
ours arranged in a pattern corresponding to the required 
pattern, and an imaging means for forming images of 
the filter elements in the colour filter on the optical mod- 
ulating device. For example, the colour filter may be a 

60 thin-film interference filter composed of layered inorgan- 
ic thin films, and the optical modulating device may be 
a liquid crystal display device. Furthermore, the optical 
modulating device may be formed of, for example, an 
electrically controlled birefringent device that produces 

55 birefringence in incident lights through the application 
of voltage to pixel electrodes. The imaging means may 
be a beam condensing optical system including a first 
lens for focusing an incident parallel beam emitted from 
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a colour filter to form an image, and a second lens for 
converting light from the image formed by the first lens 
into a parallel beam having a smaller beam diameter 
than that of the parallel beam incident on the first lens, 
and emitting the converted parallel beam. 

In the projection colour image display apparatus of 
the present invention, lights from the filter elements of 
the colour filter enter corresponding pixel electrodes of 
the optical modulating device each provided for basic 
colours, and form images thereon. The incident lights 
for the basic colours are modulated pixel by pixel ac- 
cording to image signals applied to the pixel electrodes. 
When the imaging means is a beam condensing optical 
system for reducing the diameter of a parallel beam, im- 
ages of the filter elements in the colour filter are project- 
ed and formed on the optical modulating device in a re- 
duced size. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic structural view of an optical 
system in a projection colour image display apparatus 
according to an embodiment of the present invention. 

Fig. 2 is a view showing a layout pattern of filter el- 
ements for colours in a colour filter shown in Fig. 1 . 

Fig. 3 is a cross-sectional view showing a structure 
and an operation of a liquid crystal display device shown 
in Fig. 1 . 

Fig. 4 is a view showing the relationship between 
the liquid crystal alignment direction and the polarisation 
direction of incident light in the liquid crystal display de- 
vice of Fig. 3. 

Fig. 5 is a view showing spectral transmittance 
characteristics of a thin-film interference colour filter and 
a pigment colour filter. 

Fig. 6 is a view showing another structure of a relay 
optical system for use in the projection colour image dis- 
play apparatus of the present invention. 

Fig. 7 is a cross-sectional view showing the sche- 
matic structure of a liquid crystal display device in a con- 
ventional projection colour image display apparatus. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

An embodiment of the present invention will be de- 
scribed below in detail with reference to the drawings. 

Fig. 1 shows the structure of the principal part of a 
projection colour image display apparatus (a liquid crys- 
tal projector) according to an embodiment of the present 
invention. This apparatus comprises a colour filter 10, a 
relay optical system 11 composed of convex lenses 11a 
and 11b coaxially located in the rear of the colour filter 
10, a liquid crystal display device 12 serving as a light 
valve located in the rear of the convex lens 11b, a po- 
larising beam splitter (hereinafter abbreviated as PBS") 
13 located between the convex lens 11b and the liquid 
crystal display device 1 2, a projection lens 1 4 having the 
optical axis intersecting the optical axis of the convex 



lenses 11a and 11b and located on the side of the PBS 
1 3, and a screen 1 5 located opposed to the projection 
lens 1 4. The liquid crystal display device 1 2 corresponds 
to the optical modulating device in the present invention. 
5 the colour filter 10 corresponds to the colour filter in the 
present invention, and the relay optical system 11 con- 
sisting of the convex lenses 11a and 11b corresponds 
to the imaging means in the present invention. 

The colour filter 10 is composed ol filter elements 
io for colours R, G, and B that are regularly arranged, as 
shown in Fig. 2. Three primary colours R, G, and B cor- 
respond to basic colours necessary for colour display in 
the present invention. These filter elements are each, 
for example, a thin-film interference filter that is formed 
'5 by laminating thin films of metal, a dielectric, or the like. 
When white light enters, each R element reflects B and 
G lights and transmits only R light therethrough, each G 
element reflects R and B lights and transmits only G light 
therethrough, and each B element reflects R and G 
20 lights and transmits only B light therethrough. Such a 
thin-film interference filter can be formed by alternately 
laminating films having a high refractive index (for ex- 
ample, titanium dioxide (Ti0 2 ) films) and films having a 
low refractive index (for example, silicon dioxide (Si0 2 ) 
2$ films). The R, G, and B filter elements can be formed by 
repeating a thin film laminating process using well- 
known photolithography technology. In that case, the 
properties required of the filter elements can be easily 
obtained by appropriately setting, for example, the thick- 
30 ness and number of thin films to be laminated. The lay- 
out pattern of the R, G, and B filter elements is not limited 
to that shown in Fig. 2, and it may be an arbitrary layout 
pattern as long as it corresponds to the layout pattern 
of pixel electrodes in the liquid crystal display device 12. 
35 The PBS 1 3 is provided with a polarising separation 
plane 13a that has the property of transmitting p-polar- 
ized light and reflecting s-polarized light. The PBS 1 3 is 
located so that the polarising separation plane 13a 
forms about 45° with the optical axis of the relay optical 
40 system 11. The p-polarized component means linearly 
polarized light in which the oscillation direction of an 
electric vector of light incident on the polarising separa- 
tion plane 1 3a is included in the incident plane (a plane 
including the normal to the polarising separation plane 
45 1 3a and the wave normal (the travel direction of light)), 
and the s-polarized component means linearly polarized 
light in which the oscillation direction of an electric vector 
of light incident on the polarising separation plane 13a 
is orthogonal to the incident plane. 
so The liquid crystal display device 12 is, for example, 
an optical modulating device of an electrically controlled 
birefringent (ECB) type, and has, for example, the struc- 
ture shown in Fig. 3. As shown in Fig. 3, the liquid crystal 
display device 1 2 comprises a pixel substrate 1 2c on 
ss which pixel electrodes 1 2a, 1 2b and so on are regularly 
formed, a counter substrate 12d located opposed to the 
front side (light incident side) of the pixel substrate 12c 
with a required spacing, a liquid crystal layer 12e sand- 
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wiched between the pixel substrate 1 2c and the counter 
electrode 12d, and a counter electrode 121 formed on 
the rear side (light emergent side) of the counter elec- 
trode 12d. The pixel electrodes 12a, 12b and so on are 
formed as reflecting electrodes each for reflecting inci- 
dent light from the surface thereof. The layout pattern of 
the pixel electrodes 1 2a, 1 2b and soon in the liquid crys- 
tal display device 1 2 corresponds to the layout pattern 
of the filter elements (R, G, and B) in the colour filter 10. 
That is, for example, one filter element R in the colour 
filter 10 corresponds to one pixel electrode for R in the 
liqu id crystal display device 1 2. This also applies to other 
filter elements. 

Regions among the pixel electrodes 12a, 12b and 
so on are black matrix sections that are provided with 
TFTs or the like respectively for the pixel electrodes to 
switch voltage application to the pixel electrodes, and 
they are each shielded from light by a film (not shown) 
of metal, such as aluminum, so that light leakage of the 
TFT is not caused by light radiation. 

The pixel electrodes 12a, 12b and so on are each 
assigned to colours (B, R, and G). When an image signal 
voltage for one of the colours is applied to each pixel 
electrode, the alignment of liquid crystal molecules in a 
region of the liquid crystal layer 12e corresponding to 
the pixel electrode is changed, and the polarisation di- 
rection of light that passes through the region is thereby 
changed. That is, for example, as shown in Fig. 3, the 
alignment in a region of the liquid crystal layer 12e cor- 
responding to the pixel electrode 12a, to which no volt- 
age is applied, is parallel to the optical axis, and the 
alignment in a region corresponding to the pixel elec- 
trode 12b, to which voltage is applied, is orthogonal to 
the optical axis, provided an alignment direction A when 
voltage is applied is, as shown in Fig. 4, set so that it is 
inclined at 45° with respect to a polarisation direction B 
of incident light that contains only a p-polarized compo- 
nent after passing through the PBS 13. Accordingly, 
lights of colours G, B, and R that are incident on the 
liquid crystal display device 12 are selectively modulat- 
ed by each pixel electrode while travelling back and forth 
in the liquid crystal layer 12e so that the polarisation di- 
rection thereof changes by an angle corresponding to 
the applied voltage. Then, only s-polarized components 
of the colored lights emitted from the liquid crystal dis- 
play device 12 are reflected by the PBS 13, directed to 
the projection lens 1 4, condensed and synthesised, and 
used for imaging on the screen 1 5. 

In this embodiment, a distance d between the con- 
vex lenses 11a and 1 1 b is set so that the following equa- 
tion (1) is satisfied: 

d = f 1+ f 2 (1) 

where f represents the focal distance of the convex lens 
1 1 a, and f 2 represents the focal distance of the convex 



lens 11b. That is, the convex lenses 11a and 11b con- 
stitute a relay optical system having a magnification of 

The distance between the convex lens 11b and the 
5 liquid crystal display device 1 2 is set so that an image 
of each filter element in the colour filter 1 0 is formed onto 
the liquid crystal display device 12 by the relay optical 
system consisting of the convex lenses 11a and 11b. 
That is, when it is assumed that the distance between 
io the colour filter 10 and the convex lens 11a is taken as 
a and the distance between the convex lens 1 1 b and the 
liquid crystal display device 12 is taken as b, the dis- 
tance b is set so that it satisfies the following equations 
(2) and (3): 

15 

b = [\ 2 (\^i 2 )-a^i 2 /(a-t,)W r a1,/(a-t,n (2) 



20 b=x+ny+z (3) 

where x represents the distance between the convex 
lens 1 1 b and the PBS 1 3, y represents the length of the 
PBS 1 3 in the direction of the optical axis, z represents 

25 the distance between the PBS 1 3 and the liquid crystal 
display device 12, and n represents the refractive index 
of the PBS 13. 

Next, the operation of the projection colour image 
display apparatus having the above structure will be de- 

30 scribed. 

White light radiated from a light source (not shown) 
enters the colour filter 10 as parallel light. The filter ele- 
ments in the colour filter 10 each separate the incident 
white light into lights of primary colours R, G, and B by 

35 reflecting light with specific wavelengths of the white 
light and transmitting light with other wavelengths there- 
through. The parallel beam consisting of colour-sepa- 
rated lights enters the convex lens 1 1 a in the relay op- 
tical system 11 , is condensed and focused, and then, is 

40 converted again into a parallel beam by the convex lens 
1 1 b. At this time, the diameter of the parallel beam emit- 
ted from the convex lens 11b is f 2 /f 1 times that of the 
initial light beam. The parallel beam emitted from the 
convex lens 11b enters the PBS 1 3, and only a p-polar- 

45 ized component thereof transmits through the polarising 
plane 13a of the PBS 13 and enters the liquid crystal 
display device 12. Thereby, pattern images, which are 
reduced to times the size of the filter elements in 
the colour filter 10, are formed by projection. The pattern 

50 of the images corresponds to the layout pattern of the 
pixel electrodes 12a, 12b and so on on the pixel sub- 
strate 1 2c (Fig. 3). That is, for example, a reduced image 
of one filter element R in the colour filter 10 is formed 
on the pixel electrode for R in the liquid crystal display 

55 device 1 2. This also applies to reduced images of other 
filter elements in the colour filter 10. 

As shown in Fig. 3, although the alignment direction 
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of the liquid crystal is vertical in the liquid crystal layer 
1 2e of the liquid crystal display device 1 2 when no volt- 
age is applied to the pixel electrode, if voltage is applied, 
the alignment direction of the liquid crystal changes to 
the horizontal direction and birefringence of incident 
light arises. Therefore, the light incident on the liquid 
crystal display device 12 (p-polarized component) is 
modulated depending on the voltage applied to the pixel 
electrode, and an s-polarized component is thereby 
generated. The s-polarized component is reflected by 
the PBS 1 3, and enlarged and projected onto the screen 
15 by the projection lens 14. 

Fig. 5 shows spectral transmittance characteristics 
of a colour filter of the thin-film interference type and a 
colour filter of the pigment type. Here, G filter elements 
are given as an example. In this figure, numerals 21 and 
22 respectively denote spectral transmittance charac- 
teristics of the pigment colour filter and the thin-film in- 
terference colour filter. The horizontal axis represents 
the wavelength of light, and the vertical axis represents 
the spectral transmittance. 

As this figure reveals, a spectral transmittance 
curve of the pigment type 21 has a lower peak than that 
_of the thinrfilm interference type 22, and is gently curved 
so that it extends to wavelength regions other than an 
objective transmission wavelength region. Moreover, 
the transmission band thereof is wide. Therefore, when 
the pigment -type colour filter is used, brightness and 
colour purity of a formed image are both low. On the oth- 
er hand, since the spectral transmittance curve has a 
high peak and the edges of the transmission band are 
sharp in the thin-film interference type 22, only light with 
wavelengths in a specific region is allowed to be trans- 
mitted therethrough. Accordingly, when this colour filter 
of the thin -film interference type is used, since bright- 
ness and colour purity of a formed image are high, it is 
possible to produce a high-quality image display. In ad- 
dition, since the thin-film interference type is formed of 
inorganic films as distinct from the pigment type formed 
of organic films, it does not fade and has high weather 
resistance and high durability. 

As mentioned above, in the projection colour image 
display apparatus according to this embodiment, the 
colour filter is not integrated with the liquid crystal dis- 
play device 12 and is separately located apart there- 
from, and images of filter elements in the colour filter 1 0 
are formed in a reduced size on the liquid crystal display 
device 12 through the relay optical system 11. There- 
fore, even if the size and pitch of the layout pattern of 
the filter elements in the colour filter 10 are relatively 
rough, images of the filter elements are projected in a 
reduced size onto corresponding pixel electrodes of the 
liquid crystal display device 12, and matched with a 
high-definition layout pattern of the pixel electrodes. 
That is, it is possible to accurately modulate respective 
colored lights by the pixel electrodes without increasing 
manufacturing accuracy of the colour filter 10, and to 
thereby achieve a high -definition image display. Fur- 



thermore, since the colour filter 10 is separate from the 
liquid crystal display device 12, a liquid crystal display 
device manufactured for a monochrome apparatus may 
be used as the liquid crystal display device 12. In this 
s case, the monochrome liquid crystal display device 
functions as if to be equipped with a colour filter, which 
makes it possible to display a high-definition colour im- 
age. Still furthennore, since the colour filter 10 is of a 
thin-film interference type in this embodiment, it does 
io not generate heat due to absorption as distinct from the 
pigment type, has high weather resistance and high du- 
rability, and is resistant to fading. 

While the present invention has been described 
with reference to the embodiment thereof, it is not limited 
is to this embodiment, and various equivalent modifica- 
tions are possible. For example, although the relay op- 
tical system 11 in the aforesaid embodiment is of what 
is called a Keplerian type that employs the two convex 
lenses 1 1 a and 1 1 b, it may be of what is called a Galilean 
20 type that employs a convex lens 31 and a concave lens 
32 as shown in Fig. 6. In this case, a virtual focus 33 of 
the convex lens 31 functions as a new virtual object point 
of the convex lens 32, and a parallel beam of a reduced 
diameter is emitted from the concave lens 32. 
25 Although the liquid crystal display device 1 2 is of a 
reflection type and light reflected therefrom is separated 
by the PBS 1 3 in this embodiment, the present invention 
is also applicable to a transmission-type liquid crystal 
display device. In this case, the PBS 13 is unnecessary, 
30 and the projection lens 1 4 and the screen 1 5 are placed 
in this order behind the liquid crystal display device 12. 

Furthennore, although the liquid crystal display de- 
vice 12 in this embodiment is an optical modulating de- 
vice of an electrically controlled birefringent (ECB) type, 
35 it may be a liquid crystal display device of a reflected 
light intensity modulation type or a light scattering type. 

Still furthermore, although the liquid crystal display 
device in this embodiment has been described as an 
optical modulating device of an electrically controlled bi- 
40 refringent type, the present invention is not limited to 
this. Other devices that cause birefringence in incident 
light through the application of voltage, for example, 
PLZT (lead lanthanum zirconate titanate) that is a trans- 
parent ceramic obtained by doping lead zirconate titan- 
45 ate with strontium), may be used. 

In addition, the colour filter 10 is not limited to the 
thin-film interference type, and may be of another type 
(for example, the conventional organic pigment type). 
As mentioned above, according to the projection 
50 colour image display apparatus of the present invention, 
a colour filter is placed apart from an optical modulating 
device, images of fitter elements in the colour filter are 
formed on corresponding pixel electrodes for basic col- 
ours in the optical modulating device by causing lights 
&5 from the filter elements to enter the pixel electrodes, and 
the incident lights for the basic colours are modulated 
pixel by pixel according to image signals applied to the 
pixel electrodes. Therefore, it is possible to produce a 
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colour filter separately from an optical modulating de- 
vice and to use the colour filter tor colour image display. 
This provides the advantage of applying a monochrome 
optical modulating device to a colour optical modulating 
device. In addition, the degree of freedom of layout of 
optical elements is increased in manufacturing the ap- 
paratus. 

In particular, since the colour filter is a thin-film in- 
terference filter formed by laminating inorganic thin 
films, it is possible to obtain a colour filter having a spec- 
tral transmittance characteristic in which the peak of 
transmittance is high and the edges of a transmission 
band are sharp. This makes it possible to display an im- 
age with high brightness and high colour purity. Moreo- 
ver, the colour filter of this type does not have a problem 
of heat generation due to absorption as distinct from a 
pigment-type colour filter, has high weather resistance 
and high durability, and is resistant to fading. 

Furthermore, since images of filter elements in the 
colour filter are focused onto the optical modulating de- 
vice through the use of a beam condensing optical sys- 
tem for reducing the diameter of a parallel beam, they 
are projected in a reduced size onto corresponding pixel 
electrodes in the optical modulating device. This ena- 
bles a high-definition image display without increasing 
the definition of the colour filter. Consequently, it is pos- 
sible to achieve a projection colour image display appa- 
ratus of high quality at low cost. 



Claims 

1. A projection colour image display apparatus com- 
prising: 

an optical modulating device (12), having pixel 
electrodes arranged in a required pattern cor- 
responding to basic colours necessary for col- 
our display, for modulating incident lights of the 
basic colours pixel by pixel according to image 
signals applied to said pixel electrodes, 
a colour filter (10) located apart from said opti- 
cal modulating device (12) and composed of fil- 
ter elements for the basic colours arranged in 
a pattern corresponding to the required pattern, 
and 

imaging means (11) for forming images of said 
filter elements in said colour filter (10) on said 
optical modulating device (12). 

2. A projection colour image display apparatus ac- 
cording to claim 1 , wherein said colour filter (10) is 
formed of a thin-film interference filter composed of 
layered inorganic thin films. 

3. A projection colour image display apparatus ac- 
cording to claim 1 , wherein said optical modulating 
device (12) is a liquid crystal display device. 



4. A projection colour image display apparatus ac- 
cording to claim 1 , wherein said optical modulating 
device (12) is an electrically controlled birefringent 
device that causes birefringence in the incident 

s lights through the application of voltage to said pixel 
electrodes. 

5. A projection colour image display apparatus ac- 
cording to claim 1, wherein said imaging means (11) 

10 js a beam condensing optical system comprising: 

a first lens (11a) for focusing an incident parallel 
beam emitted from said colou r filter ( 1 0) to form 
an image; and 

15 

a second lens (11b) for converting light from the 
image formed by said first lens (11a) into a par- 
allel beam having a smaller beam diameter 
than that of the parallel beam incident on said 
20 first lens (11a), and emitting the converted par- 

allel beam. 
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